In this study, we compare the diet, life history characters and abundance of Nile tilapia (Oreochromis niloticus) stocks between two crater lakes in western Uganda (Lake Nyamusingiri and Lake Kyasanduka) that differ in their history of fishing pressure. Both lakes support native fish communities, but also harbour populations of introduced O. niloticus. Lake Nyamusingiri was characterized by a higher relative and absolute abundance (CPUE) of haplochromine cichlids and a lower abundance of O. niloticus than in Lake Kyasanduka. In addition, the O. niloticus population in Lake Nyamusingiri exhibited a smaller mean size and a lower relative abundance of juveniles than in Lake Kyasanduka. These differences may reflect, at least in part, heavy exploitation of O. niloticus in this lake, as compared with Lake Kyasanduka where fishing was banned in 1988. In both lakes, the maximum size and size at maturity was small relative to other larger water bodies in the region. The Nile tilapia in both lakes were primarily herbivorous; with phytoplankton dominating the diet. In general, the condition of O. niloticus in the crater lakes was low relative to other larger lakes in the region. The low catch per unit effort of O. niloticus in Lake Nyamusingiri (7.8%) relative to Lake Kyasanduka (54.9%) suggests that overexploitation of the fishery is occurring, calling for careful monitoring and management of the system.
Introduction
While the Great Lakes of Africa have been the focus of numerous investigations, much less attention has been paid to minor lakes in the region. In Uganda, volcanism associated with rifting has created many lakes. Lakes have been formed almost exclusively by lava damming river valleys (volcanic barrier lakes) in the Kigezi district of Uganda, while in the rift valley and adjacent uplands of western Uganda, crater explosions have created numerous small maar lakes (volcanic crater lakes, Beadle, 1981; Livingstone & Melack, 1984) . In the foothills of the Rwenzori Mountains in Uganda there are more than 80 crater lakes, lying in an altitudinal range of 925 m to 1520 m with very steep walls. Most of these lakes are less than 100 ha in area, and several cover only a few hectares (Melack, 1978; Kizito et al., 1993) . Maximum depth varies from 0.25 m to more than 180 m (Melack, 1978; Kizito et al., 1993; Chapman & Chapman, unpublished data) . These lakes are of special limnological and biological interest because of the striking limnological diversity including an impressive range of salinity across the lakes and a strong gradient of silica and phosphorous among the dilute lakes (Melack, 1978) .
Non-indigenous fish species including one to three species of tilapia (Oreochromis niloticus, Oreochromis leucostictus, and Tilapia zillii) were introduced into many of these lakes with the motive of increasing available protein resources (Kizito et al., 1993) . In addition, a few of the lakes harbour native species including Barbus neumayeri, Hypxopanchax deprimozi, Clarias gariepinus, and a variety of haplochromine cichlids (including potentially endemic species) (Crisman et al., 2001; Chapman & Chapman, unpublished data) . In some of the lakes, introduced tilapia populations have formed the basis of successful local or small-scale commercial fisheries; however, there are very few data available to evaluate the tilapia stocks and provide the quantitative basis for management initiatives.
In this study, we compare the O. niloticus (Nile tilapia) stocks in two neighbouring crater lakes in Uganda (Lake Nyamusingiri and Lake Kyasanduka) that differ in their history of fishing pressure, as a basis for management of stocks and conservation of the indigenous fishes. Both lakes support native fish communities, and are of great interest because of their potentially endemic haplochromine cichlid faunas. In addition, both lakes support populations of introduced O. niloticus. It should be noted, however, that Trewavas (1983) reported four immature specimens of the native Oreochromis niloticus eduardianus in a small crater lake in the Maramagambo forest, so it is possible that the O. niloticus stocks represent a combination of native and introduced Nile tilapia. Lake Nyamusingiri supports a commercial fishery in which O. niloticus and Clarias gariepinus are species of economic importance. An annual catch of 52.7 tonnes was reported in 1969 (Melack, 1978) . Lake Kyasanduka supported a fishery for the same two species; however, fishing was banned in this lake in 1988 by the management of Queen Elizabeth National Park (QENP) after a drastic decline in the fishery was observed, reportedly a consequence of overfishing and destructive fishing habits (Oliver, 1990) . Melack (1978) described the morphology, hydrology and physico-chemical components of Lake Nyamusingiri. Subsequent work by Kizito et al. (1993) described key physico-chemical conditions and relative abundance of the zooplankton and phytoplankton of both lakes Nyamusingiri and Kyasanduka; however, there are no previous investigations on the fish faunas of the systems. Our specific objectives were to compare the following characters between the two lakes: (i) catch per unit effort of O. niloticus relative to other fish taxa; (ii) the length frequency distribution, condition and size at maturity of the tilapia stocks; and (iii) the diet of O. niloticus.
Materials and methods
Lakes Nyamusingiri and Kyasanduka (0°16¢S to 0°18¢S and 30°00¢E to 30°04¢E) are shallow crater lakes located in the Bunyaruguru cluster of crater lakes in Western Uganda. Part of this cluster lies within the Maramagambo forest, a moist semideciduous forest (Langdale-Brown, Osmaston & Wilson, 1964 ) that acts as a catchment of the Eastern escarpment of the Rift Valley (Melack, 1978; Kizito et al., 1993) . Lakes Nyamusingiri and Kyasanduka lie at the border of this forest and grass savanna covered hills. Rainfall is bimodally distributed with rainy seasons from March through May and August through November. Lock (1967) reported annual rainfall for Lake Nyamusingiri ranging between 900 and 1300 mm.
The lakes differ in a number of limnological and physical characteristics despite their close proximity. Lake Nyamusingiri is much larger (440 ha) and deeper (4.9 m) than Lake Kyasanduka (150 ha, 2 m, Table 1 ). Lake Nyamusingiri is also characterized by higher conductivity and total dissolved solids, higher alkalinity, and much higher transparency than Lake Kyasanduka ( Table 1 ). The latter lake experiences more pronounced algal blooms that contribute to the very low Secchi transparency readings, supersaturated dissolved oxygen levels in surface waters during the day, and a sharp oxycline (Table 1) .
Fish samples were collected monthly between March and September 1996 using a fleet of experimental gillnets (1 inch to 5 inches, increments of 0.5 inches) and hooks (sizes 8-12). Experimental nets were set at three sites in each lake (open water, northern shore and southern shore). One hundred hooks (size 8-12) were set on longline overnight across the same habitats. Captured fish were identified to species with the exception of haplochromine cichlids. The taxonomy of these specimens is under study; and they were therefore grouped as haplochromines. Total length, standard length and mass were measured for each O. niloticus specimen; and fish were dissected to determine sex and reproductive status. A generalized classification of stages in fishes by Nikolsky (1963) (Stages I-III) or adults (Stages IV-VI), we estimated size at maturity as the standard length class that comprises 50% of the reproductively active component of the population (Lp 50). A t-test was used to test for a difference in the mean total length of O. niloticus between the two lakes. A Chi-squared goodness of fit test was used to test for a difference in the sex ratio of each O. niloticus population from a 1:1 ratio. We analysed the condition of the O. niloticus populations in two ways. First, analysis of covariance was used to test for a difference in weight-length regressions between the two populations. Because of higher variance in the weight of smaller fishes, we ran the analysis on fish < 20 cm total length (TL) and fish ‡ 20 cm TL. Both total weight and total length were log-transformed to stabilize the variance and linearize the data. Adjusted means (sample means adjusted for a common mean body length and a common regression line) were calculated from the ancova analysis and are presented with their standard errors. Second, we calculated Fulton's coefficient of condition (K) where
] · 100. Stomachs were cut out and the degree of fullness of each stomach estimated by allotting points (modified from Ball, 1961) according to the size of the stomach, which ranged from 0 to 4 where 0 (0%) represented stomach collapsed, no food present; 1 (25%), food occupying onequarter of the total volume of the stomach; 2 (50%), food occupying one-half of the stomach; 3 (75%), food occupying three-quarters of the stomach; and 4, stomach completely full. The number of points allotted to each species was then totalled for each monthly sample, and the mean number of points and mean percentage per stomach were calculated. The resulting figure is termed the fullness index and provides an estimate of the feeding intensity of the fish at the time of sampling. The stomach of each specimen was opened and the contents of the gut were transferred to a Petri dish. Prey organisms were sorted and identified to the lowest taxonomic category possible under a microscope. Diets were quantified using the volumetric method based on Hynes (1950) where percentage volume contribution of each food item is visually assessed relative to all of the food items present in the gut. This was multiplied by the percentage fullness of the stomach. The importance of each food type between samples was then determined using the total number of points for each food type expressed as a percentage of the maximum number of points for a particular sample. The importance of each food item relative to other food items in any one sample was determined using the number of points of a food item expressed as a percentage of the total number of points actually scored in a sample.
Results
The relative abundance of fish taxa differed markedly between the two lakes. In Lake Nyamusingiri, haplochromine cichlids dominated the catch comprising 84.3% (± 2.0, SE of monthly samples) of the fish captured over the 7 months of sampling. Oreochromis niloticus comprised only 7.8% ± 0.9% of the fish captured, and the remainder consisted of small numbers of Clarias gariepinus (4.9% ± 0.7%) and Barbus spp. (3.0% ± 2.0%). Assemblage structure was relatively similar among months, with the exception of the appearance of Barbus spp. in August and September, and their absence during the remainder of the sampling months. A very different assemblage structure was observed in Lake Kyasanduka where the most abundant fish in the catch was O. niloticus (54.9% ± 7.5%), followed by haplochromine cichlids (42.9% ± 7.0%), and C. gariepinus (2.9% ± 1.5%). Overall, the catch per sample period (expressed as total number captured per gill net set and hook set combined) was much higher in Lake Nyamusingiri (163 fish per sample period) than in Lake Kyasanduka (37 fish per sample period).
The size of O. niloticus (of both sexes) captured in Lake Nyamusingiri averaged 18.5 ± 4.7 cm TL (SD) and ranged between 5.0 and 26.0 cm TL. In Lake Kyasanduka, average fish size was smaller (15.6 ± 5.0 cm TL, t ¼ 4.27, P < 0.001); however, the range was larger (4.9-29.5 cm TL). The larger average size in Lake Nyamusingiri was due to a greater abundance of the smaller size classes (3-14 cm) in Lake Kyasanduka (Fig. 1) .
The sex ratio of O. niloticus captured in the two lakes (expressed as percentage frequency of males versus females) was very similar between lakes and did not differ significantly from 1:1 (Lake Nyamusingiri: 43.7 ⁄ 56.3, v 2 ¼ 1.6, P > 0.1; Lake Kyasanduka: 41.1 ⁄ 58.9, v 2 ¼ 3.14, P > 0.05). Size at maturity was small in both lakes; with all Lp 50 values (the length class where 50% maturity occurs) in the 12-15 cm TL size class (Fig. 2) . It is notable, however, that the females from both populations showed slightly lower values than the males (Fig. 2) ; and the Lp 50 value for females in Lake Nyamusingiri fell below both males and females from Lake Kyasanduka. The latter pattern of maturation size suggests a slightly higher level of stunting of female O. niloticus in Lake Nyamusingiri relative to Lake Kyasanduka.
To examine the condition of O. niloticus, we compared the bilogarthimic relationship between mass and length between the two lakes for two size groups of fish (<20 cm TL and ‡20 cm TL). For both size classes, there was no difference in the slope of the bilogarithmic relationship between body mass and total length (<20 cm: F ¼ 1. 
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Fig 1 Length-frequency distribution of Oreochromis niloticus in Lake Nyamusingiri and Lake Kyasanduka, Uganda based on experimental gill net data collected over a 7-month period. ‡20 cm TL, there was no difference in the intercepts of the mass-length relationship (F ¼ 0.339, P ¼ 0.529), indicating that for a fish of a given body length, mass did not differ between the two populations. For fish <20 cm TL, however, adjusted mean body mass differed between populations (F ¼ 11.237, P ¼ 0.001), indicating that fish <20 cm were heavier in Lake Nyamusingiri than in Lake Kyasanduka. Similar patterns were observed for Fulton's condition factor (K). For fish >20 cm TL, there was no difference in condition factor between the two lakes (Lake Nyamusingiri: K ¼ 1.81; Lake Kyasanduka: K ¼ 1.77; t ¼ 0.502, P ¼ 0.617); however, for fish <20 cm TL, the condition factor was higher in Lake Nyamusingiri (Lake Nyamusingiri: K ¼ 1.70; Lake Kyasanduka, K ¼ 1.40; t ¼ 3.797, P < 0.001, Table 2 ).
Oreochromis niloticus from Lake Nyamusingiri exhibited a richer floral and faunal dietary assemblage than O. niloticus from Lake Kyasanduka (Fig. 3) . In both lakes, phytoplankton dominated their diet (Fig. 3) ; however, Chlorophyceae of genus Scenedesmus (Scenedesmus acuminatus, S. ecornis, S. falcatus, S. quadricauda) were the major phytoplankters consumed by tilapia in Lake Nyamusingiri, whereas Microcystis spp. (Cyanophyceae) was the major phytoplankton taxa consumed in Lake Kyasanduka (Fig. 3) . Apart from the abundant Scenedesmus spp., five other green algae species (Ankistrodesmus falcatus, Coelastrum microporum, Crucigenia spp., Kirchneriella obesa, and Staurodesmus validus) and four blue-green algal taxa (Anabaena planctonica, Anabaenopsis arnodii, Merismopedia spp., and Microcystis spp.) were also present in the stomachs of the fish from Lake Nyamusingiri as well as several zooplankton taxa (rotifers: Asplanchna spp., Brachionus spp., Keratella spp., Trichocerca spp.; Crustacea: cyclopoids, nauplius larva). Only one taxa of green algae (Crucigenia spp.) was found in the fish from Lake Kyasanduka and was very rare; and only one blue-green For the ancova analyses, both mass and length were log 10 transformed. Mean masses are presented for two size groups (fish < 20 cm TL and fish ‡ 20 cm TL) at mean lengths of 13.2 cm and 21.6 cm, respectively. The mean Fulton's coefficient of condition (K) (where
) is also presented for the two size groups in each population. algae (Anabaena spp.) other than Microcystis was found. The richness of zooplankton taxa (rotifers: Brachionus spp., Trichocerca spp.; Crustacea: cyclopoids, nauplius larva) was lower than in the diet of the Lake Nyamusingiri fish. In both populations, there was a notable shift to increased omnivory in the largest fish. In the 21-25 cm TL size class phytoplankton comprised less than 30% of the diet in both populations, and there was shift to include a higher proportion of crustaceans, rotifers and other items (detritus, diatoms, unidentified green spheres) in the diet (Fig. 4) .
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Discussion
Lakes Nyamusingiri and Kyasanduka differed in composition of the fish assemblage and characteristics of the introduced Nile tilapia populations. The source of these differences is difficult to identify with a sample size of two lakes; however, patterns that emerge suggest some possible linkages between diet, fishing pressure and fish community structure. The major difference in fish faunal structure between the two lakes was the higher relative and absolute abundance (CPUE) of haplochromine cichlids and lower abundance of O. niloticus in Lake Nyamusingiri, a lake that still experiences a high degree of fishing pressure. In addition, a smaller mean size, smaller size at maturity in females, and a lower relative abundance of juvenile fish characterized O. niloticus from Lake Nyamusingiri. These differences may reflect, at least in part, heavy exploitation of O. niloticus in this system and potentially a shift from the legal gillnet size to the observed smaller mesh-sized gillnets (G. Bwanika, personal observation) leading to continual cropping of small fish. Lake Kyasanduka has been free of fishing pressure since 1988, having apparently experienced a major collapse of the fishery due to overexploitation. We may now be seeing a recovery of the tilapia stock given the large number of small fish and the relatively high catch per unit effort of tilapia relative to Lake Nyamusingiri. The lower relative abundance of small fish (6-14 cm size class, TL) in Lake Nyamusingiri may also relate to differences in predation pressure by piscivores. The catch per unit effort of the piscivore Clarias gariepinus in Lake Nyamusingiri was higher than in Lake Kyasanduka. In addition, in Lake Kyasanduka, only haplochromines were recovered from C. gariepinus stomachs, whereas in Lake Nyamusingiri, the catfish fed on both haplochromines and tilapia, in close proportion to their relative abundance in the system (Bwanika, 1998) . In both lakes, the maximum size and size at maturity were small relative to other large lakes in the region. For example, Balirwa (1998) reported the length at which 50% of the Nile tilapia first exhibited sexual maturity (Lp 50 values) in the littoral habitats of Lake Victoria as 18 cm and 24 cm TL for male and female fish, respectively. Ochumba & Manyala (1992) reported higher Lp 50 values (27.5 cm for males and 31.5 cm for females) in the Sondumiru River of Lake Victoria. In Lake Kyoga, Lp50 values were 23 cm and 26 cm TL for males and females, respectively (Balirwa, 1998) . In Lake Turkana, median size at maturity from 39 cm was observed for O. niloticus in 1953 (Lowe-McConnell, 1958) . Although this declined to 26 cm TL in 1982 (Kolding, 1993) , these values are still much higher than in lakes Nyamusingiri and Kyasanduka. However, a small size at maturity and small maximum size, as we have seen in our study of two crater lakes, is characteristic of other crater lakes in the region (Chapman & Chapman, unpublished data), lagoons of Lake Albert (Worthington, 1929) , and crater lakes on the Central Island of Lake Turkana (Worthington & Ricardo, 1936) . Lowe-McConnell (1982) reported life history characters for populations of O. niloticus in several East African waters and found a very broad range in size at maturity and maximum size. She suggested that O. niloticus delays maturation when inhabiting large lakes, and breeds when younger and smaller in small water bodies such as craters lakes, lagoons and ponds.
The phenomenon of 'stunting' or 'dwarfing' in tilapias is well known and is one of the major problems in tilapia culture (Fryer & Iles, 1969; Lorenzen, 2000) . A smaller size at maturity may represent a strategy to maximize reproduction in a topographically restricted habitat, a response to a high level of competition or a response to intensive fishing. For example, in Lake Kivu, volcanic shores slope steeply into the lake. Although O. niloticus seem to prefer shallow waters in lakes Edward and Albert, they live in deep water (10 m) in Lake Kivu over a rocky bottom. Trewavas (1983) noted that some females breed at a young age in this system and attributed this to limited habitat for this species in the system. In crater lakes, the steep slopes limit the development of littoral vegetation and may restrict available habitat relative to lakes of similar size with well-developed littoral zones. Kolding (1993) developed a strong argument to explain plasticity in size at maturity in the Nile tilapia of Lake Turkana as a response to variation in mortality rate due to human and nonhuman predators. He suggested that when mortality is highest on the juvenile stages (due to teleost predators), then selection pressures favour large sizes. When predation pressure targets large sizes, however, as in most fisheries, a significant reduction in size or age at maturity may be favoured. In Lake George, Gwahaba (1973) noted a reduction in the maturation size of O. niloticus after 20 years of intensive fishing. Intensive fishing pressure in Lake Nyamusingiri may contribute to the small size at maturity observed; although in this lake there also seems to be teleost predation pressure (C. gariepinus) on small tilapia. A small size at maturity may also occur in response to environmental stressors such as high densities, seasonal desiccation or low dissolved oxygen conditions. In Lake Turkana, Kolding (1993) found that O. niloticus exhibited different life histories depending on whether they lived in the Ferguson's Gulf, a habitat characterized as variable and unpredictable with highly fluctuating dissolved oxygen conditions, or the main deep central part of the lake, characterized as constant and predictable with stable oxygen conditions. Nile tilapia in the latter habitat were characterized by a larger body size and delayed reproduction relative to the Gulf tilapia. The small size at maturity observed in lakes Nyamusingiri and Kyasanduka relative to other lakes in the region may be due to a combination of one or more of the above factors. Clearly, a comparison of a broad range of crater lakes that vary in fishing pressure and environmental characters will be necessary to derive good predictors of size at maturity in these systems.
The Nile tilapia in both lakes Nyamusingiri and Kyasanduka were primarily herbivorous; with phytoplankton dominating the diet. Their herbivorous diet agrees with several other studies on other O. niloticus populations, although the source of the algae seems to vary from phytoplankton in Lake George (Moriarty et al., 1973) , the Koki lakes and Lake Nakavali (Lowe-McConnell, 1958) , Lake Awasa (Getachew, 1987; Getachew & Fernando, 1989) , Lake Edward (Lowe-McConnell, 1958) , and Lake Turkana (Kolding, 1993) ; to bottom and epiphytic algae in the Teso dams (Lowe-McConnell, 1958) ; nannoplankton and bacteria in Lake Kivu (LoweMcConnell, 1958) ; and epiphytic diatoms in Lake Albert (Lowe-McConnell, 1958) . Interestingly, the introduced Nile tilapia in Lake Victoria are much more omnivorous and include a high proportion of both invertebrates and detritus in their diet (Balirwa, 1998) . A similar pattern is apparent in Lake Nabugabo where Nile tilapia were also introduced (Bwanika, unpublished data) . Both of these systems experienced a Nile perch introduction and accompanying perturbations to the food web. Balirwa (1998) suggested that changes such as increases in phytoplankton and a major reduction in the grazing food chain due to a loss of grazing haplochromines may have led to an increase in invertebrate abundance and increased availability of this food base to other fishes. and this may account for the higher level of omnivory by Nile tilapia in these systems. It is interesting to note that in Lake Kyasanduka, where the abundance of haplochromines was much smaller, there was a higher level of omnivory than in Lake Nyamusingiri.
In general, the condition factors of O. niloticus in lakes Kyasanduka (fish ‡20 cm TL ¼ 1.77, fish <20 cm ¼ 1.70) and Nyamusingiri (fish ‡20 cm TL ¼ 1.81, fish <20 cm ¼ 1.40) were low relative to other large lakes in the region. For example, Balirwa (1998) reported a condition factor ranging between 2.02 and 2.28 for O. niloticus in Lake Victoria and Lowe-McConnell (1958) reported condition factors of 2.1 for Lake Turkana and 2.04 for Lake George. Fish (1951 Fish ( , 1955 and Balirwa (1998) surmised that the growth of O. niloticus in different waters depends not so much on availability of planktonic materials but mainly on their quality (digestibility and utilization for growth). Interestingly, the few data available for assimilation efficiency in tilapia (feeding on natural diets) suggest that assimilation efficiency is high for blue-green algae and diatoms, but low for green algae and macrophytes (Bowen, 1982) . In Lake Nyamusingiri, condition was higher (for fish <20 cm) than in Lake Kyansanduka, yet the diet in the latter lake was dominated by the blue-green alga Microcystis spp., whereas the diet of tilapia in Lake Nyamusingiri was dominated by green algae. Therefore, it is unlikely that differences in assimilation efficiency can account for the difference in condition factor between these lakes. It is possible that the noted difference in condition may reflect the higher abundance of small tilapia in Lake Kyasanduka relative to Lake Nyamusingiri, and potentially higher intraspecific competitive effects in this size class. The low condition factor in lakes Nyamusingiri and Kyasanduka relative to other O. niloticus populations is not clear, but may reflect lower food quality, and ⁄ or high levels of intraspecific competition in restricted habitats of the crater lakes.
The low catch per unit effort of O. niloticus in Lake Nyamusingiri (7.6%) relative to Lake Kyasanduka (55.1%) in addition to the slightly lower length at maturity of females suggests overexploitation of the fishery. This calls for careful monitoring and management of this crater lake. In addition, this study demonstrates the potential value of these small lakes in increasing our understanding of the biology of Nile tilapia. The abundance of lakes in the region, numbering over 80, their diversity of limnological features, and the fact that most contain introduced populations of tilapias, offer an opportunity for extensive comparative studies on the production, life history strategies and diet of tilapias.
